Jurkat T-lymphocytes comprise at least four intracellular Ca2+ pools. Pool I was agonist-sensitive and contained 23 + 8 % (n = 18) ofthe total Ca2+-storage capacity, as shown in intact cells in the presence of EGTA. The time courses ofthe agonist-induced formation of Ins(1,4,5)P3 and of the Ca2+ release from pool I were nearly superimposable, indicating that the agonist-sensitive pool I is emptied by Ins(l,4,5)P3. Likewise, in permeabilized cells, the size of the Ins(1,4,5)P3-sensitive Ca2+ pool I was 27 + 11 % (n = 14). Pool II contained 26 + 50% (n = 9) of intracellularly stored Ca2+ and was liberated by thapsigargin, an inhibitor of the endoplasmic-reticulum (ER) Ca2+-ATPase. Addition of thapsigargin before addition of agonist abolished the agonistinduced Ca2+ release in both intact and permeabilized cells, indicating that pool I is a subcompartment of the ER Ca2+ pool. The content of this ER Ca2+ pool (pools I and II) amounted to 51+15% (n=9) in intact cells and 49+16% (n= 16) in permeabilized cells. Caffeine released Ca2+ even when the ER
INTRODUCTION
Stimulation of a rapidly growing number of receptors results in the formation of inositol polyphosphates and subsequently in an increase of the free cytosolic Ca2l concentration ([Ca2+] ,; for reviews see [1] [2] [3] ). In many cell types the increase in [Ca2+], consists of two different processes, namely (i) release of Ca2+ from intracellular non-mitochondrial stores and (ii) Ca2+ entry via the plasma membrane. Although a current opinion favours Ca2+ entry as a process that works via refilling of intracellular stores emptied by Ins(1,4,5)P3, recently published data support the idea of an Ins(1,3,4,5)P4-induced Ca2+ influx via the plasma membrane directly into the cytosol [4] [5] [6] .
Agonist-and caffeine (Cf)-sensitive intracellular Ca2+ pools have been described in a number of cell types, such as smoothmuscle cells, neurons, endocrine cells and pancreatic acinar cells [7] [8] [9] [10] [11] . Main candidates for the Ins(1,4,5)P3-sensitive Ca2+ store in non-muscle cells are the endoplasmic reticulum (ER) [12] and the 'calciosomes' [13] . Only recently Ins(1,4,5)P3-binding intracellular compartments were purified from rat liver [14] and from HL-60 cells [15] . Agonist-insensitive Ca2+ pools have been characterized only in a minority of cells, e.g. PC12 cells [16] .
In the work presented here, we have identified the Ins(1,4,5)P3-sensitive Ca2+ store of T-lymphocytes as a subcompartment of the ER. Furthermore we report on three further distinct Ca2l
pools not yet described in T-cells. One of these pools is emptied by Cf, an agonist of the ryanodine receptor. From this result, Ca2+-induced Ca2+ release (CICR) might be involved in the propagation of the Ca2+ signal in T-cells. pool (pools I and II) was emptied by previous addition of thapsigargin, indicating the presence of a third pool independent of pools I and II. Pool III contained 23 +6 % (n = 8) in intact cells, but 41 + 8 % (n = 5) in permeabilized cells. The remaining intracellularly stored Ca2+ was released by addition of the Ca2+ ionophore ionomycin. This fourth pool contained 27 + 8 % (n = 9) in intact cells, but less than 10 % in permeabilized cells.
The size of pool III was increased when pools I and II were emptied before addition of caffeine, whereas the size of pool IV was decreased under such conditions. In conclusion, this first comprehensive description of intracellular Ca2+ pools in Jurkat T-lymphocytes demonstrates the presence of four different Ca2+ pools, provides estimates of their sizes and describes relationships between each other. Release of Ca2+ from pool I [Ins(1,4,5)P3-sensitive] has previously been shown to play a major role in T-cell activation, whereas the physiological role of pools II-IV remains to be established. EXPERIMENTAL Materials Thapsigargin (Tg), ionomycin, Fura2 free acid and Fura2/AM were from Calbiochem, Bad Soden, Germany. Cf, dithiothreitol, saponin, oligomycin, phosphocreatine and ATP were bought from Sigma Chemicals, Deisenhofen, Germany. Ins(1,4,5)P3 was purchased from Bio-Trend, K6ln, Germany. Anti-CD3 monoclonal antibody OKT3 was purified from hybridoma supernatant on Q-Sepharose, Phenyl-Sepharose and Superdex 200 (Pharmacia, Freiburg, Germany). All other chemicals were of the highest purity available.
Cell culture Jurkat T-lymphocytes were cultured as described recently [17] (Figures 2b and 3b) . Moreover, the proportion of Ca2t released by Tg when given after OKT3 or after Ins(1,4,5)P3 was significantly decreased (Figures 2 and 3 ). To test whether CICR plays a role in Jurkat T-lymphocytes, the effects of Cf on Ca2+ release from intracellular stores were investigated. Cf released Ca2+ in a dose-dependent manner in intact Fura2-loaded cells in the absence of extracellular Ca2+ (Figure 4 ). Optimal concentrations of Cf were about 15 mM. Higher concentrations did not improve the yield, probably due to the low solubility of Cf in water. A surprising result, however, was that Cf induced Ca2+ release when added after OKT3 and also when given after Tg in intact cells (Figures 5a and 5b) . 27+8 (n= 9) < 10 (n= 6) released in intact cells. Moreover, when Tg was added before stimulation with Cf, a significantly larger portion of Ca2+ (23 + 6 o, n = 8) was released. These increases of pool III correlated well with decreases in the size of pool IV under identical conditions in intact cells (Table 1) . Similarly, even more pronounced effects were observed in permeabilized cells (Table  1) . Although the size of the Cf-sensitive pool III increased from 14+ 7 % (n = 4; Cf added as the first drug) to 42+10 % (n = 13;
Cf added after Tg), a concomitant decrease in pool IV from 48 + ± 1°(n = 7; Cf added as the first drug) to < 10 % (n = 6; Cf added after Tg) was observed (Table 1) . These data indicate a Ca2+ flux from pool IV into pool III under conditions where pool I and/or pool II are empty. The rest of the intracellularly pooled Ca2+ could only be released by the Ca2+-ionophore ionomycin. This fourth pool contained 27 + 8 % of the Ca2+-storage capacity of intact cells and < 10% in permeabilized cells under conditions where Cfinduced Ca2+ release reached a maximum.
DISCUSSION
Only recently, agonist-sensitive and -insensitive Ca2+ pools have been examined extensively in intact PC12 cells, a cell line commonly used as model for neurosecretory cells [16, 20] . In this study on Jurkat T-lymphocytes we have used a similar methodology to that of Zachetti et al. [16] and Fasolato et al. [20] , but in extension a verification of the data was achieved by using saponin-permeabilized cells as a second model system. Regarding pool types and sizes, similarities and differences between the PC12 cells and the Jurkat T cell line were observed. The Ins(1,4,5)P3-sensitive pool was calculated to contain about 25 % of the total PC12-cell exchangeable Ca2+ [20] . We found that 23-27% of the total Ca2+-storage capacity was agonist-and inhibitor Tg, whereas agonists do not empty the whole ER pool, indicating that the Ins(1,4,5)P3-sensitive pool is not located in the entire ER, but appears to be an ER subcompartment ( [20] ; and the Results section). This finding is not due to sub-maximal Ins(1,4,5)P, production in agonist-stimulated cells, as pointed out above. Moreover, our finding that pool I is part of the ER is also supported by immuno-gold labelling of the Ins(1,4,5)P3 receptor in an ER subcompartment in cerebellar Purkinje cells [21] . However, in a recent report, Ins(1,4,5)P3-binding vesicles from rat liver did not co-purify with ER marker enzymes [14] . Instead, Ins(1,4,5)P3-binding vesicles showed enriched plasmamembrane marker activity, which was altered by disruption of microfilaments by cytochalasin B [14] . It was concluded that Ins(1,4,5)P3-sensitive Ca2+ stores are linked to the plasma membrane by actin microfilaments. In contrast, for HL-60 cells it was reported that an Ins(1,4,5)P3-binding compartment moderately co-purified with ER markers, but not with plasma-membrane markers [15] . This report also favoured the concept of the Ins(1,4,5)P3-sensitive pool to be a subcompartment of the ER, perhaps the 'calciosomes' [16] .
As novel observations, we report here (i) that a Cf-sensitive Ca2"-pool exists in Jurkat T-lymphocytes, as demonstrated in both intact and permeabilized cells, and (ii) that the Cf-sensitive pool increases in size, probably by a direct transfer of Ca2+ from pool IV, when pool I and/or pool II had been emptied previously.
In contrast with PC12 cells, the Cf-sensitive pool in Jurkat T cells is not identical to the Ins(1,4,5)P3-sensitive store [16] . Also, the Cf-sensitive pool of Jurkat T cells is not a part of the ER, since prior addition of Tg enhanced the effect on Cf-induced Ca2+ release, rather than diminished or inhibited it. This observation is consistent with two recent reports demonstrating (i) independence of the Ins(l.,4,5)P3-and Cf-sensitive stores [11] , and (ii) the Tg-insensitivity of a Cf-sensitive Ca2+ store in permeabilized adrenal chromaffin cells [22] . Similar results were obtained by Stauderman et al. [23] in the same cell type, although they postulated a third pool which, beside the Ins(1,4,5)P3-sensitive and the Cf-sensitive pools, was sensitive to both drugs. Furthermore, by using Ca2+ monitoring at the single-cell level, it was shown that CICR plays a major role in agonist-induced Ca2+ signalling in the chromaffin cells [23] . [2] . However, further studies on the function of different Ca2+ stores during T-cell stimulation will have to consider the influence of Ca2+ entry from the extracellular space. This might be of particular importance, since we observed that depletion of some of the pools resulted in rapid refilling from the extracellular space (A. H. Guse, unpublished work).
